Water-supply demands continue to increase as a result of residential and industrial development. New water-supplyallocation sites are needed to meet this demand. Proposed watersupply-allocation sites are evaluated to determine their effect on the present sites and the local water supply. A variety of geographic and hydrologic features are examined to determine whether a proposed site should be approved for future allocations.
During the approval process, maps showing proposed and present water-supply-allocation sites arid geographic and hydrologic features are produced. Proposed water-supplyallocation sites are compared to present sites to determine whether they tap a common source or whether the proposed sites are vulnerable to contaminants, such as effluents from hazardous waste sites (Michael Bleicher, New Jersey Department of Environmental Protection, written commun., 1991).
The U.S. Geological Survey (USGS) in cooperation with the New Jersey Department of Environmental Protection (NJDEP) conducted a project to develop geographic information system (GIS) programs that produce plots showing proposed water-supply-allocation sites, present water-supply-allocation sites, and important hydrologic and geographic features within a defined area. To produce the plots, the GIS programs are used with a data base of surface-water-and ground-water-withdrawal sites that have water allocation permits. The plots can be used to evaluate the potential effects of proposed ground-water and surface-water withdrawals on local water resources.
The CIS programs produce a menu-based user interface which enables a user, who does not necessarily have an understanding of the programs or of CIS, to identify important information. The CIS menus enable a user to invoke computer commands by selecting menu options with the keyboard or computer mouse device. The CIS programs can access a greater amount of information more rapidly than current methods.
Purpose and Scope
This report describes CIS programs that can be used in conjunction with geographic and hydrologic data bases to facilitate the evaluation of the potential effects of additional surface-water and ground-water withdrawals on water supplies. The computer program source codes are documented in appendixes.
Overview of the Geographic Information System
A GIS analyzes data sets and displays the data as a map or composite image. The GIS programs discussed below were written with ARC/INFO 1 version 5.0 for use on a PRIME computer, although they can be used with ARC/INFO on other computer systems. ARC/INFO is a GIS software package that automates, manipulates, analyzes, and displays geographic data in digital form (Environmental Systems Research Institute, Inc., v.l, 1987a) . ARCPLOT is the cartographic display program of ARC/INFO that creates maps, and INFO is the relational data-base manager for the tabular data associated with geographic features (Environmental Systems Research Institute, Inc., v.l, 1987a) . INFO stores data on geographic and topographic features and their corresponding tabular records.
GIS can be used with a variety of digital data sets. The data sets used in this project are not an all-inclusive group. Any number of data sets can be used with GIS in one session, according to the user's needs and applications.
Command Language ARC/INFO Macro Language (AML) was used to write the customized GIS programs. AML allows the user to design new ARC/INFO commands, run a series of ARC/INFO commands, run user menus, and develop user interfaces (Environmental Systems Research Institute Inc., 1987a) . With AML, the user can write complex programs that accept input from the terminal or from system files and perform tasks by using both ARC/INFO and computer operating system commands.
1 Use of trade, brand, or firm names in this report is for identificaton purposes only and does not constitute endorsement by the U.S. Geological Survey.
User Interface A user interface, or AML menu, is a list of options consisting of keywords or phrases that are displayed on the terminal screen (Environmental Systems Research Institute Inc., 1987b) . The user can select from the menu by moving the screen cursor to the position of the keyword or phrase and pressing the return key on the terminal keypad or by pointing with a mouse device and clicking a mouse button. This action will execute a command in ARC/INFO, such as display information, plot a map, or invoke another menu.
The menu enables the user to operate CIS software without learning complex commands. Each keyword or phrase is included in a text file that explicitly defines the menu choices and associates them with specific actions. An example menu and the associated command file are shown in figure 1. The customized GIS programs are designed as step-by-step methods for making decisions during the water-supply-allocation permitting process. GIS menus present choices and allow the user to display information by using the computer mouse device or the keypad. After selecting the information that is pertinent to the permitting decision, the user can produce hardcopy and screen plots of the selected information. The programs also can be used to create tables that list selected attributes associated with selected surface-water-and ground-water-withdrawal sites.
The CIS programs were developed to be used with available digital data bases. The primary data base used with the programs contains data on ground-water-and surface-water-withdrawal sites in the State. These data were obtained from the NJDEP (Michael Bleicher, New Jersey Department of Environmental Protection, written commun., 1991). The data base also includes unique site identification numbers, well depths, elevations of the land surface at ground-water-withdrawal sites, and location identifiers, such as latitude and longitude. Other data used in the CIS programs include stream hydrography, drainage-basin outlines, and political boundaries. Each type of data is stored in its own data base. A list of the data bases, their selected attributes, and the sources of the data are shown in table 1.
The programs discussed in this report can be copied and used on a computer system that has the capacity to run ARC/INFO. The programs cannot be used with the personal computer version of ARC/INFO.
Main Menu
The main menu of the geographic information system as it appears on the terminal screen is shown in figure 2. Main menu suboptions are additional menus that can be displayed by choosing from the main menu options. In this report, the main menu is divided into four sections Location and draw features, Screen and hardcopy plots, Surface-water-and ground-water-withdrawal sites, and Terminal options for discussion purposes.
Start.ami Program
This program must be run first to start the menu; the source code for start.ami is shown in appendix 1. In this program, the local computer pathname must be entered. To begin, the terminal and display devices should be set by the user as follows (All commands to be typed by the user are underlined.): >: ARC ARC: &STATION <STATION NAME> (The user replaces <STATION NAME> with the name of the workstation.)
ARCPLOT is activated, and the main menu of the CIS is displayed by invoking the program, design.menu.
Design.menu Program
The design.menu program (app. 2) displays the main menu of the CIS. This program is similar in structure to the associated text file shown in figure 1.
Location and Draw Features
The primary data associated with the location feature are the latitude and longitude of the proposed water-supply-allocation site. Radius information, which also is associated with the 
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Sections do not appear on the computer screen. List1 and Iist2 can be replaced with a name supplied by the user, according to information to be produced for a hardcopy plot. This subsection also can be expanded to include additional list opt i ons. location feature, is designed to identify existing surface-wateror ground-water-withdrawal sites within an assigned radius of the proposed site. Water-supply-allocation permit data also will be accessed from the location feature. Draw features are associated with the digital data sets, such as streams, drainage basins, townships, and counties (table 1) . Location and draw features must be chosen by the user, interactively with the computer mouse device or keypad, before proceeding to other menu selections.
LIfind.ami Program
The llfind.aml program (app. 3) allows the user to select information that is associated with the specified radius of a proposed site from the data bases; it is run when the Set site LAT, LON, RAD selection is chosen from the main menu. This program allows the user to access a specific location, such as a proposed water-supply-allocation site, by typing in a latitude and longitude. The radius for this locational point also must be entered (for example, 5.3 miles).
Select.menu Program
The main menu option Choose draw features invokes the select.menu program (app. 4). After selecting Choose draw features, the user is prompted with a menu that identifies the coverages to be drawn. A coverage is an ARC/INFO map data set of spatial and tabular information (Environmental Systems Research Institute, Inc., v.l, 1987) . This menu as it appears on the terminal screen is shown in figure 3 . The user must answer yes or no to all coverage choices given in this menu. A yes or y response will result in a screen image or a hardcopy plot of the coverage. Select.menu can be expanded to accommodate additional data sets for screen display or hardcopy plot. Select coverages to be drawn: (Answer "yes","no","y" or "n" for ALL coverages.)
Coverage__________________
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Townships Counties Pinelands Streams (250k) Basins Surface-water withdrawal points Ground-water withdrawal points OK Figure 3 . Example of the coverage menu of the geographic information system program.
Screen and Hardcopy Plots
Options in the Screen and hardcopy plots section of the main menu produce plots on the computer screen or on hardcopy ( fig.  2 ). Four ARC/INFO commands are used in this section mapextent, mapscale, identify, and clear. Mapextent delineates the area to be shown on the screen or on hardcopy; mapscale specifies the scale at which the plot will be drawn; identify lists specific attributes of a feature selected on the screen or on hardcopy, such as ground-water site, surface-water site, and drainage basin; and clear refreshes the terminal screen, allowing the user to redraw a plot.
(See app.2 for specific locations of these commands.) Five AML programs have been prepared that will produce screen and hardcopy plots order.ami, plot.ami, zoomout.aml, plotfile.aml, and plot2.aml.
Order.ami Program
The Draw (mapextent) option of the main menu allows the user to create a screen plot or hardcopy by defining an area on the computer screen. The Draw (mapextent) option contains four suboptions First order basin, Second order basin, Third order basin, and Radius area. The first three suboptions, which run the program order.ami (app. 5), allow the user to choose a first, second, or third order basin from a list of drainage basins. (Each drainage basin is classified according to the surface-water body that drains it.) All draw features that were selected in the Location and draw feature section will be plotted. The fourth suboption, Radius area, uses the mapextent command to plot a map with the draw features that were chosen in the Location and draw features section, including the specified radius.
Plot.ami Program
The plot.ami program (app. 6), which is designed to draw an outline of the basins within the mapextent area to the terminal screen, is activated when Draw (mapextent) is chosen from the main menu. Draw (mapextent) suboptions further define the information to be produced on the terminal screen.
Zoomout.ami Program
The Zoom in/out option of the main menu presents two suboptions Zoom in box and Zoom out. Zoom in box allows the user to enlarge any percentage of the area shown on the terminal screen by using the computer mouse device or keypad. The Zoom out option runs the zoomout.aml program (app. 7), which increases the mapextent by 20 percent and draws the new plot on the screen.
Plotfile.aml Program
The Make a plotfile option produces a hardcopy of the most recent plot produced on the terminal screen by the plot.ami program. The user will be prompted for a plotfile name; any name can be used. A typical hardcopy plot is shown in figure 4 . The source code for plotfile.ami is listed in appendix 8.
Plot2.ami Program
The plot2.aml program (app. 9) is a module within plotfile.ami. Plot2.aml contains information, such as colors and symbols, to be used by the plotter when producing a hardcopy.
Surface-Water and Ground-Water Sites
The third section of the main menu enables the user to identify existing surface-and ground-water-withdrawal sites by accessing and presenting information or attributes from within the specified radius that previously has been defined and drawn.
Calcgw.aml and Calcsw.aml Programs
Distances between water-supply-allocation points can be determined by choosing the Select GW area or Select SW area option. (GW means ground water, and SW means surface water.) Each option has three suboptions which can run either calcgw.aml for ground water or calcsw.aml for surface water (app. 10). The three suboptions upstream polygon, buffer area, and mapextent are programs that calculate the distance, in miles, between a proposed site (chosen with llfind.aml) and existing surfacewater-or ground-water-withdrawal sites within the specified area.
The upstream polygon suboption enables the user to define an area of any size with the computer mouse device in order to determine the distance between sites. The user can choose to examine only those ground-water or surface-water sites within a specified radius (defined in llfind.aml) by selecting the buffer area suboption. If the entire area within the existing mapextent is desired, the mapextent suboption is selected. The clr all selections suboption clears the selected suboption so that other selections can be made.
Glist.aml and Slist.aml Programs
After selecting a set of withdrawal sites, the user can produce a hardcopy list of various attributes associated with these sites by choosing Create GW data list or Create SW data list from the main menu. The suboptions are upstream polygon, buffer area, mapextent, and clr all selections ( fig. 2) to be shown on the screen, choose List GW data to screen or List SW data to screen from the main menu options. A hardcopy can be produced by printing the ASCII file from the computer after leaving ARC/INFO (table 2) .
Terminal Options
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